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ABSTRAeT 
Tlle :- ineral ogy of t he c lay fraction of four so i ls . ene 
a lfisol and thrcc incept iso l s devel oped on cambian limestone , and 
to consider the mode of farmation in terms of pedogenic proces sand 
classification. has been determined. 
In 50i1s 1 and 11 there 1s a hi gh proportion of gocthitc 
accompanied by hematite at the bottom of the profiles, according 
to the data goethite 15 originated directly from the bedrock and 
hematite is produced by dehydration of goethite. The most characteris-
tic is the presence of rnaghemite in the upper harizon of these 
profiles. Its presence 1s related with the weathering of hematite, 
that may produce goethite and later maghemite by dehydration. The 
non-ferrous mineraIs of soi} 1 are: tale, chlorite and interstratified 
talc-chlorite, profile II has in addition ta kaalinite, vermicu1ite 
and illite. 
In soi1 IV a high proportion af gaet1ite and hema t ite has 
be en faund, a high relatian exist between bath iran oxides. The hema-
tite is origineted direct1y from the bedrack and goethite 15 produced 
from hematlte. The high proportion of kaolin is characteristic, 
showing an externa1 contribution or extensive pedogenic pracesses . 
Soi1 111 is constituted by goethite and hematite and 
it ls difflcu1t to determin~, the origen of these iran oxides. The 
non-ferrous minerals are kaalinite, chlorite and iIIite. 
-:rNTRODUCTION 
The distribution of clay compounds in soi1 profiles h~lps 
to describe pedogenic processes and m'ly be used to define grea \: ~ .. :. 1 
groups and other 5011 classes. 
Por sorne years the iran oxides have been removed, as 
contaminating materíals, from clay for the determination of cloy 
minerals in 50i16. On (' the other hand the distribution of iron com-
pounds in the 5011 profile, together with the other ci ay components, 
helps towards the knowledge of the pedogenic process (Blume and 
Schwertmann. 1969), and several papers have becn published in relation 
with the characterization and profile distribution of iron . In 
describing the type oí 50115, especially with high iran concentration, 
the direction and extent of pedogenic process and definition of 
5011 claS5ification may be determined in an attemps to characterize 
the nature and amounts of silicates and iron components of the 
clay minerals and not only sorne of them. 
Hematite and goethite are the iron components mest frequen-
tly distributed in soi15. Transformation of hematite to goethite 
has been discussed by Schwertmann (1971). Lepidocrocite in soils 
have been studied by several workers (Schwertmann and Fitzpatrick, 
1977, Tarzi and Protz, 1978, R05S and Wang, 1982) . I~aghemite in 
50115 15 less frequent. it has been identified in 50i15 of sub tropical 
and tropical areas, and soi~~ of tempera te regions in different 
parts of the world (Taylor and Schwertmann, 1974). Abreu et al . 
(1985) ha ve characterized maghemite in B horizons from Typic Rodo-
xeralf of Southern Portugal. Recently the formation of maghemite 
and hematite from lepidocrocite and goethite in a Cambisol from 
Corsica, France, has been described by Stanjek (1987). 
The most useful techniques for iron compound characteriza-
tion are x-rey diffraction, differential thermal anelysis, electronie 
microseopy, etc. various methods for the extraetion of iron oxides 
al so being very useful. The acid-ammonium oxalate r.ethoc proposed 
by r.1ckeague et al. (1971) removes the x-ray amorphous and organie-
bound iron oxides. Na-di thioni te-ei tra te-bicarbona te gi ves a fairly 
gecd separatien of the total f ree iron oxides (i·lehra a:1c Jacks on I 
"!'!~a·r;t 'iron and di thioni te solucle iron 
approximately is the iran rrom sill cate. unless signicant amounts of 
nagne t í te or mache mi te are pres en t (T<JY l ar and Sch· .... ertnann I 1974 t 
\!alker, 1983) . 
In Sierra Morena (Huelva) I southwest Spain, 5011s exist 
with a high concentration in iron and they have practically not 
been studied, only Olmedo and Paneque (1971) ha ve studied the iron 
composition of one 5011 profile. The clay fraction of these soils 
have a special chemical reactivity as has been shown by different 
authors (l·ladrid et al., 1983; r~aqueda et al. 1985, Hermos!n et 
al. 1987) . 
The purpose or the present paper ls te characterize the 
mineralogy of the clay fraction of four soils, one a1fi501 and three 
inceptisols developed on cambrian limestone. ta consider the mode 
of farmattan of these s011s in terms of the pedogenic proce~s and to 
deCine the 5011 classification. 
MATERIALS ANO METHOOS 
SOILS 
Four profiles oí soils from Sierra Morena (Sevilla and 
Huelva) in southwest Spain were studied (TabIe I). They have been 
eIassified as : 2 AIfie Oystrie Eutroehrepts, 1 Typie Eutroerpts and 
,. 
also 1 Xerochreptic Haploxeraíi. These profiles show a similar parent 
material composition and are freely drained. 
Brief profile deseriptions are given in Table I (standards 
and terminology are from the American soi1 survey manual So11 Survey 
Staff, 1951 and 1962). 
= = = TabIe 1 ,.. .: . 
¡·lETHOOS 
50i1 samples were dried and sieved ( <2mm) before analysis. 
Partic1e size ana lysis was carried out by tne chain hydromete~ (De 
Leenheer et al. t 1965) i pH was r.leasured : :1 a 1:2.55011: ','Jater 
suspension ¿na KCl olution; organic matte~ was determined by dichr~ 
mate oxidation¡ extractable bases and cation exchange capacity by the 
HI, pH 7 a;-¡/10nium acetate netnod . 
The clay fraction was separated by suspenSlon. The iron 
minerals were characterized by X- ray diffraction using CrKelradiation. 
The non-ferrous minerals were c haracterized in the sample after 
extraction with oxalate-oxalic activated by ultravlolet radiation 
(Endredy, 1963), using CuK o/ radiation and émploing oriented aggrega-
tes on glass slides 
Dimethy1-sulphoxide, 
of samples 
++ r~g · -hea ted 
++ 
of r~g . , ++ ++ Mg -ety1ene glycol, r~g 
5502C, "' K:t:satura ted. Aluminium 
substitution in goethite was calculated from the e parameter obtained 
from the (111) and (100) peak position (Schulze, 1984). The serniquen-
titative estimation of goethite and hematite was determined as 
described by Torrent et al. (1980). ~Iaghemite and lepidocrocite were 
determined using the reflections at 2.95 and 6.27A respectively. The 
semiquantitative estimation of non-ferrous minerals was determined 
uSing the reflection power given by Martín-Pozas (1968) I Schu1 tz, 
(1964) and Galan and Rodas (1973). 
The chemical composition was determined after dissolving 
the clay samples with HF, HN03 and Hel in a digestion bomb, Perking 
Elmer. Analysis of Si, Al, Fe, Ti, t4g, Ca, were made by atomic absorp-
tion and Na and K by flame emission. The x-ray amorphous and organic-
bound iron oxides was determlned 
1971. " . (Mckeague et aL). !ron oxides 
using acid-amrnonium oxalate fe 
o 
were selectively dissolved using 
dithionite-citrate-bicarbonate fed (1~ehra and Jackson, 1960) and by a 
photolytic method fe (Endredy, 1963). 
ox 
The differential thermal analysis and thermogravimetric 
analysis were made in a Rigaku set, using 40 mg of sample and a 
heating rate of 122C/min. 
The Fe (II) "as determined using 1-10 Phenanthroline 
(Stucki, 1981). 
RESULTS ANO DISCUSSION 
i able 11 shows thc analytical data of all 50i 1s stud ied in 
thi s papero The clay-pIus-s il t fractions range bet"':een 66.5 and 
92.30%, except in soil IV, which ranges between 45.50 and 46.70%. 
In 50i1s II and II! the proportion of clay increases fron AB and AB 
horizons to the bottom. In soíl 1 the highest value is reached in B~ 
hori zon . In water the pH of soil 111 ranges between 7.60-7. 80 and the 
other soils have pH 7 or below, in KCl solution the pH a r e in the 
ranges between 5.20 and 7. 00 . All 50ils have a well-saturated exchange 
complexo Organic-matter values in upper horizon of a11 50ils studied 
15 moderate . ! n 501 15 II¡ and DI organic- matter i5 present i n all 
horizons t whereas in soil~ ¡ and Ir it ls only present i n the two 
upper hori zons. The more abundant eation exchange 15 calcium, followed 
by magnes i um. Sodium and potasium are al so present in low proportion 
(magnesium l sodium and potasium are not present in soi1 1). 
• • • Table 11 - ~ = 
Table III shows the chemical composition of clay fractions 
of all horizons o~ the di~ferent soils studied in this paper . The rnost 
remarkable feature is the extremely high values of Fe 203 (19.22 
to 60,22%), particularly in soil 11 (44.62 to 60.22%). The MnO ranges 
between 1 .47 and 6.28% these values are high compared with t he values 
normally 
through 
found in clay soils. ~ tn 
the profile and A1203 
soil II Si02 , Ti02 and K20 decrease 
de creases until B~ horizon and the 
percentage of Fe2031 
throughout the AB 
CaO and Na20 oecur in approximately equal amounts 
81 and B horizons, whereas in the other 
s011s studied the distribution is not regular. These data show a 
possible high concentration of iron oxides but s i lieate minerals 
are also presento The MgO shows the possibility of sillcate min eral s 
in octahedra l coord i nation with magnesium . 
~ ; = TabIe IIr- ~ • 
~igure 1 s hows the x-ray diffraction diagra~s of one sa.ple 
{horlzon :.. u f Eoil 11 befare 2nd after treatment '.'Ji th oc io amrcniurn 
oxalate ':"n the dark. The differences be t ween both di ag:-a:-s pro'Jide 
• .+ further evidence of ~he general validity. that the iroo extracted is 
less crystalline. 
; = ~ Figure 1 • : -
The non-crystalline iran contents (Fe ) in the clay fraction 
o 
in the horizons of the different 5011s are included in Table.I.V. ihe 
percentages are in the range 0.80-1.85. The concentration i5 less than 
2.0% and more frequently the values are near to 1%. In soi1 1 and IV 
the proportion increases down the pro file and in soíls Ir and II! 
the percentages are very similar through the profile, except A12 
horizon (soi1 11) that presents the highest va1ue of the profi1e. This 
change agrees with the variation in the iran oxide composition, as 
will be seen later in this papero 
= • = Table¡V = = = 
The extractable iran by dithionite-citrate-bicarbonate i5 
considered as free iran oxides. In samples containing maghemite the 
treatment was repeated several times and this mineral was dissolved, 
as was shown by x-ray dlagrams (Perez-Rodriguez et al. submitted). 
The difference between the total and extractable iron by 
dithionite-citrate-bicarbonate correspands to iran from the silicate 
structures, as substitutlon ef ether catiens or f111ing actahedral 
~ . 
position. In the case where the octahedral position is filled by iron, 
SOrne of these sllicate minerals"may be dissolved using oxalic-oxalate 
activated with ultraviolet radiation (Endredy. 1963). The difference 
between 
ging to 
Fe 
ox 
and Fed (Tab1eIV) may give an estimation of iron belon-
silicate structures with iran in actahedral caardinatian. 
These minerals are in high propartian in 5011 11 and are principally 
chlorite. 
The mlneralogical composition and serniquantitati":e estlna-
tian of iron oxides presen~ in the clay frac tion af differenc ~or!zons 
of s011s studied in this paper are sho'lm in Table V. 
In B horizon of soil 11 goethite ls the rnos ~ abundant 
nineral (77%). 1 ts proportion decreasine up the profile : :' 11 ;'B 
horlzon where the lowest value o !- goethlte in this sOl'l ~ppears_ 
From this harizon the proportion of goethite starts to increase 
aBaln till the top o:' the profile though the qua ntitative increase 
i5 no t in the same propCI~t !on a s the decrease frolil the bottor.l to AS 
harizon. The distribution of hematite 15 the opposite of goethitc, its 
proportion incrcases from the bottom to AB harizon and further 
de creases till the surfacc. These data show a clase relation bet\~een 
goethite and hematite. 
No confirmation of maghemite identification can be expected 
from x-ray diffraction data and identification, as maghemite can 
only be made from the Fe (II) content (Taylor and Schwertmann, 1974). 
The Fe(II) content of che 5amples from 50il 11 are given in TablelV. 
The Fe(II) value5 are low and include all the Fe(I1) being 
attributed to the maghemite. Considering the semiquantitative estima-
tion (Table V:.) of hematite goethlte lepidocrocite and maghemite 
obtained from x-ray diffractograms, the value obtained for the 
relation Fe2+/Total Fe in maghemite i5 0.29, which would identify it 
h · (T 0.333 S h 97) 1 . as mag em1te aylar and e wertmann,. 1 4. t 15 necessary te 
cons1der that it is not correct to attribute all Fe(II) to maghemite 
because it may be present in other iran components . Since the propor-
tion of Fe(II) in other horizons of this soi1 are similar te this cne 
and maghemlte ls not present, the proportlon of Fe(II) in maghemite 
must be lower. 
The maghemite in 
, . 
clay of soU 11 is not present at the 
bottom and appears at the top, All and A12 horizons, related with the 
decrease of hematite and increase, of goethite in low proportion. 
The d1stribution of lepidocrocite 15 similar through 
the profile, the content being low in relation with the other iran 
oxides presento 
; ; = Table V = a _ 
In soi1 1 l ep !docrocite has no t been detected, and the 
Eoe:hi te de creases f ro:1 the bo ttom to the mi ddle of the pro f ile , 
increasing from he !"e t .J tile topo Thc d i str lbu ti on of hematite i5 the 
te 
c ;Jpcsite goethite . l·jagh'2-1~~ is present ln th~ t op of the soil. 
In soil IV the proportion of goethite "increases from 
the bottom to the surface, the distribution of hematite being the 
opposite, increaslng from the top to the bottom of the profile. The 
variation of the proportion of these mineral s through the profile i5 
very i~portant, goethite changing from 36% at the bottom to 77% at the 
top and hematite from 64 to 23%. These data show a high association 
beb/een the tWQ minerals. 
In soi1 111 the proportion of goethite increases down the 
profile and the hematite decreases. The distribution in the profile 
i5 the opposite of the former soíl, although an association also 
exis ts bet\l.'een both iron oxides. 
The gravimetric and differential therma1 ana1ysis (TG 
a:>d OTA) of 
2 and 3. 
All and S' horizons from 50íl 11 are shown in figures 
= = = Fig. 2 and 3 = = = 
An estimation of the proportion oC minerals that these 
soi1s contain has been ca1cu1ated for the total Fe203 in percentages, 
plus the weight 10ss of TG between 100 and soo.e (this weight 1055 
corresponds to the iron minerals present in the samples)¡ and adding 
the minerals containing iren in ectahedral pesition. In superficial 
horizans the weight losses are influenced by organic matter, but as 
~ , 
its proportion is lewer than 2% it has nat been taken inta account an 
calculating the estimation. As' the difference between oxalie-axalate 
activated by u1travio1et radiation and the dithionite-citrate-bicarbo-
nate iran extracted, correspands te minerals canta!nin¡ principally 
iran in octahedral position and according ta the X-ray diagrams 
carresponds to chlorite, it has been used to calculate the praportian 
of this mineral. 
!h~se calculations have been made in arder to ha'le an 
approxina::on of the propartion af ~inerals that cantain iron in the 
soi1s stwdied in this paper (Tab1e VI l. In a11 soi1s the proportion 
of iron n:nerals increases down the profl1es. In 5011 Ir the range is 
bet\':een 5',) .37 and 72.76%, showing that the iran minerals are predoili-
nant in ~h~ cIay fraction of this soil. In the other 50115 the 
prapartion or iron mineraIs 'ís 'in the range ~between 30 ~nd 40%, 
only Al horizon of profile 111 has a value be10w 30%, reáching 28.58%. 
= = z Table VI =. ~ 
It is '.t.ell known than Al substitution is a good indicator 
of the eonditi ons in which goethite was formed (Fitzpatrlck and 
Schwertmann, 1982). However, there ls a prablem because soils ean-
taining goethite aften inelude substantial amaunts af other components 
such as hematite or kaolinite whose x-ray reflections may overlap 
the diagnostic 111, 130 and 110 goethite reflections (Fabris et al., 
1985). A1uminiu ~ s ustitution in (mole % Al) in goethite from the 
samples studied in this paper are shown in Table VI. In soi15 1 and 11 
an increase of aluminium sustitution 15 found in upper harizon change 
from 6.1· to 16.0 and from 7.5 to 17.4 in soils 1 and 11 respectively. 
In other soils no consistent difference i5 raund between the Al in the 
goethites of different horizons. 
The non-ferrous mineraIs of the clay fraction have be en 
characterized by x-ray dlffraction pattern in the sample aíter 
extraction with oxalic-oxalate actived by u1traviolet radiation. 
The mineralogical compasition of the clay fraction from 
different horizons of soi1 1 15 very similar. The x-ray diagrams show 
a diffraction at 9.30 A corresponding to tale. A diffraction is 
pre5ent . , . at 11.64 A that does nót change after treatment with ethylene-
glycol or dimethy1su1phoxide and persists after heating the sample 
at 5500C to¡ether with diffractions at 23.30 and 7.80 A. These data 
are in agreement with an interstratified talc-chlorite. A diffraction 
." 
about 14 A appears that does not shift with ethyleneglycol and 
changes to 16 and 12 A after treatment with dimethylsu1phoxide or 
heating 550 2 C respectively. This behaviour is characteristic of 
interstratification '!ermiculite-chlorite. Ouartz in low quantities i5 
also presento T~e f¡:,oportion of clay minerals i5 very similar through 
the profile (ta::.lc '.':~ ). tne high concentration corresponding to ~alc 
( 41--43% ) :~o ! ! o ... ed by the interstratifica tion tale-chlori te. 
The r or.-ffr:':'ous r:1ineralogical composi tion of 5011 11 changes 
through the ,:'Ofll~. Chlorite 1s the precominant mineral at the 
bottom, tale, illite and interstratifiep chlorite-talc als ~eing 
presento The proportion of chlorite and tale decreases going up th~ 
profile. The interstra t ified chlori te- tale exists only in t!le b:o 
deeper horizons, \1hereas in the b/o upper horizons, whcre the transfor-
mation i5 highest in this soil, vermiculite and kaolinite appear. 
The percentages of illite increase in the middle of the profile due 
ta the fact that chlorite and tale are weathered. 
The clay fraction of soil IV is constituted by illite, 
verrniculite and kaolinite. The proportion of iIlite increases down 
the profile and the vermiculite decreases showing an alteration of 
i llite ta vermi culite from BW horizon ta Ap horizon. 
The mineralogical composition of the clay fractjon fram 
soil III is very similar through the profile. The chlorite is the 
most abundant mineral followed by illite and kaolin. Quartz ls 
present in low proportion. 
In Table VI an estlmatlon of silicate minerals of all 
solls ls shown. The percentages has been estimated subtractlng from 
100 the percentage of iron minerals, (determined as it was shown 
, . 
previously in thls paper), the MoO content, becau5e thi5 mineral 15 
related to iron minerals, and the Ti02 that probably is titanium 
mineral free. In 5011 11 the proportion oí these minera1s i5 low, 
the range found 15 between 20-35%, and it i5 necessary te con51der 
that the5e percentages are lower because lt ls nece5sary to subtract 
the quartz present, part of the water 1055 be10w looge in TG (wich 
a1so correspond to iron component5, especial1y amorphou5 iron) , and 
that iron chlorite loses hydroxy1s at temperature higher than 500 2C 
(not considered in the e5tinatlon of the proportion of iron chlorite). 
Soi1 1 i5 cons ~ituted by the same iron minerals of the 
• ' :-i ,~ r soi1, but t:,e pro portion of non-ferrous mineral5 15 higher, 
:.he range bein(! 72.86 in upper herizon te 66.76% in lo\.¡er ho:-izon. 
In the other soils the ·proportj{oñ o~ non-ferrous mine~~ 
is about 60%. 
DISCUSSION 
In s o ils I and 11 there is a high proporti on o f goethite 
a t the bottom of the profiles . The goethite 
be originated directly from the bedrock. 
accompanied by hematite 
of these horizons may 
or as a secondary product of hematite weathering. The proportion 
of goethite decreases from the bottem te the Bel and A B horizons 
of the proflles 1 and 11 r espectively whereas the hema~ite increases. 
The pH and physical-chemistry properties are very similar i n al1 
these horizons, and arganie compaunds that are c1ose1y connected ta 
"Che mechanism of transfarmatian of hemati te te goethi te are not pre-
sent (Sehwertmann, 1971), it is also necessary to consider that in 
these 
the 
from 
sails the weathering increases from the top te the battam of 
prafile. Accordi ng t e tnes e data goethite is orlginated directly 
the bedrock and hematite is a secondary product by dehydration 
of goethi te. 
The origin of ~art of goethite of Al and All horizons 
o! soi1s 1 and 11 respectively i5 the opposite ta the deeper harizens. 
The percentage 
de creases • In 
the goethi te 
af goethite inereases up the profile and the hematite 
these horizons arganie eampaunds are present and 
is rieher in a1uminium than from the bottam. These data 
show the possibility that the organic compounds dissolved the hematite 
by redueing and/or eomp1exing the iran and reprecipitated and oxida-
ted. the newly formed oxide being goethite. This secondary goethite 
shauld be richer in a1uminium (Fitzpatrick and Schwertmann. 1982), as 
has been found . 
The mast eharacteristie is the pre5enee af maghemite 
in the upper horizan of these profiles, espeeia11y in 50i1 11, where 
this iron oxide ~inera1 is ~radaninant . Its formation ¡ay be attribu-
ted to 
organie 
r.1aghemite 
and has 
dehydration of l~~idocrocite or goethite i~ the presence af 
matter or to tr.e oxidation of magnetite. In these soi1s 
is no t supplied by the parent rock or exte:-nal contributor 
been not cetected. In these soi15 exist high total iron 
eoneentration, a slow oxidation rate is possible and presencé of sma11 
amounts o C 'e(III). in the original predominantly Fe(II) solution. l , 
These 5011:: : !so have high t elí; I ·:::· a tt..:~c dUl~ ing various months 0 1" the 
year, pH a!·u~.l:'ld 7, and organi c co',r.ou:.ds are presento These eha r ac tc-
ristics fa .. 'our the formation of maghemi te (Taylor and Sehwertmann, 
1974). \'!he!1 r.taghemi te appears in thesc soils the hemati te decreases 
(in soíl !I 70 to 16%) and th~ goethíte increases. The proportion 
or amorphous iron i5 highe5t in Al harizan where the formation 
of maghemi~e starts. Aceording ta these data the maghemite i5 related 
with the weathering of hematite that may produce goethite and maghemi-
te could the~ be formed by dehydration. The p05sibility of transforma-
tion of he~atite via ferrihydrite te naghemite i5 not eliminated, but 
the charaeterization of ferrihydrite in a mixture of iron oxides, 
as is present in these soils, is complieated. 
The proportion of non-ferrous minerals deereases from the bottom 
ta the t e ;> of these 50ils, sho\o!ing the highest variation in the 
superficial horizon. This de crease could be due to its alteration. 
This weathering also liberates iron that must inrluenee iron oxid~ 
formed, especially maghemite. 
The non-ferrous minerals of soil 1 are constituted by 
tale, interstratified tale-chlorite and ehlorite. Their proportion i5 
very similar throughout the profile. The tale is originated from the 
bedrock showing low degree metamorphism. In soil 11. ehlorite. 
\ . 
tale and interstratified ehlorite-talc deerease from the bottom to the 
middle of the profile and the illite proportion increases. At the 
two upper horizons the illite is weathered and other minerals sueh as 
vermieulite and kaolin appear showing a high alteration in both 
horizons. 
In soil IV a high proportion of goethi te together wi th 
hematite has been :ound. The proportíon of hematite deereases and 
goethite i nc~eases f rom the botton to the top of the profile. These 
data shm: a :-:igh !"~lati en between both iron oxides. The hematite is 
origina t ec d ir~ctlJ fro~ the bedrock and the goethite in both horizons 
i 5 a seconda~J iron ox.:de produced fro~ hematite. The aluminium 
eont en t el go~thit~ is si~ilar in both hor izons. The transformation 
of hemat: :e t O go~thite is proba~lJ connected with the organie 
matter present in the two horizons of this soil, although thepropor-
tion i5 higher in the upper horizon. 
The compositian af nan-ferrous minerals of soil I V l 5 very 
similar through the profile, except that in the upper harizon the 
proportion af vermiculite increases and mica decreases. The weathering 
of mica to vermiculite shaws a higher alteratian at the t op af the 
prafile. The high proportion of kaolin present (~50%) 15 characteris-
tic, shows an externa! contributien or extensive pedogenic processes. 
50i1 111 is constituted by goethite and hematite, the 
proportion of goethite being higher than that ef hematite. The alumi-
nium cantent of goethite is similar through the profiles . lt is 
difficult te determine the erigin of these iron oxides. In all 
horizons organic cempounds are present which together with the 
physical-chemical properties suggests a possible transformation of 
hematite to goethite. 
The mineralogy has been used as a differentiating criterion 
in the classification system oí these soils and the results are 
shown in Table VIII. The chemica1 ana1ysis of 50i1 11 is shown 
in Tab1e¡V· , the Fe203 content being higher than 40%. 
= = = Tab1e VIII = = = 
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TABLE I 
CHARACTERlS'l'IC OF THE PROFILES 
Profile Jlerizon Oepth Colour Texture Structure ( 'I a :i~~ t IIC ;II.Hlll (cm) 
Al 0-10 5 YR 3/3 (wet) Silty Crumb 
I Bt 10-40 2.5 YR 3/4 (wet) Silty clay Subangular blocky Xerochrcptic 
DCl 40-70 5 YR 3/3 (wet) Silty cIay SubanguIar blocky Haploxeralf 
IlC2 70-100 5 YR 3/3 (wet) Silty Subangu1ar blocky 
: 
" 
All 0-30 2.5 YR 2/11 (wct) Silty Crumb 
A12 30-60 2.5 YR 2/4 (wet) Silty J ' Crumb 
Il AD 60-90 2.5 YR 2/4 (dry) Silty Crumb Al f u . Dys tn e 
Bt 90-120 5 YR 3/3 (dry) Silty Subangu1ar blocky Eu trochrcpts 
U 120-150 5 YR 3/3 (dry) Silty SubanguIar bIocky 
111 0-25 2.5 YR 3/4 (wct) LOilm Crumb 
III AB 25-45 2.5 YR 3/2 (wet) Loam Crumb to Subangular blocky Ty pic 
nt 45- 2.5 YR 3/2 (wct) Loam Massive to blocky Eu trochrcn t!. 
IV Ap 0-20 5 YR 3/2 (dry) Loam Subangular blocky AlfH' Ilys l:r"i.c 
Bw 20-110 2.5 YR 2.5/4 (dry) Loam Subangular bIocky Eul roc.:hrcpl.G 
:i: 
I · ... r: ," TABLE II (;" '., I " GENERAL ANALYTICAL DATA OF SOILS • 
Profile Horizon Particle sizc distribution e. e Exchangeable cations Base pfl OM C C/N N 
( "".m) (meq/100g) (meq/100g) Sat (%) ('t) 
200 20-200 2-20 ~2 Ca Mg Na K H20 KCl 
.\: 8.60 21.20 40.5 26.0 24.30 16.00 0.00 0.00 O 99.10 6.50 5.90 4.15 2.41 11.00 0.22 
1 Bt 5.70 15.00 39.5 37.5 23.20 16.50 O O O 96.90 6.50 5.40 0.81 0.47 9.40 0.05 
Be1 3.60 17.50 48.5 29.0 25.00 19.00 O O O 100.0 6.50 5.70 O O O 0.03 
BC2 4.40 21.80 43.3 29.0 26.20 20.00 O O O 100.0 6.50 5.90 O O O 0.03 
Al! 9.8 7.30 74.10 7.90 20.77 12.704.80 O 0.46 86.47 6.95 6.00 3.29 1. 91 11.20 0.17 
A12 9.90 9.10 72.90 7.10 8.80 5.80 2.24 O 0.20 98.54 7.00 6.25 0.76 O.M 7.30 0.06 
II AB 6.20 3.70 67.80 22.40 8.00 5.702.10 O 0.13 99.12 7.00 6.115 0.00 o.()O 0.00 0.0.1 
Bt 4.90 4.60 65.30 24.40 5.20 3.701.40 O 0.08 ~9.61 6.70 6.40 0.00 0.00 0.00 0.03 
n 8.90 4.70 66.00 20.40 4.30 3.90 0.32 O 0.03 98.84 6.80 6.20 0.00 0.00 0.00 0.03 
111 7.50 18.50 52.25 19.50 17.70 14.00 2.5 0.100.10 96.02 7.80 7.00 4.34 2.52 11.50 0.22 
1I1 MI 4.40 17.00 44.25 32.50 17.71 14.20 3.40 0.50 0.10 100.00 7.60 6.60 1.64 O.lJ~ lO.~U U.WJ 
UL ~.10 1'1.17 41. 75 35.50 17.30 13.30 3.20 0.10 0.10 90.26 7.70 6.00 0.B4 O.o1lj 9.110 O .I)~) 
IV 111 ' :.n.75 20 . 50 20.25 25.25 21.64 10.006.000.500.70 100.00 6.30 5.20 4.70 ?71 10.30 D. ?4 
nO' 29.70 20.30 21.70 25.00 18.69 0.00 2.50 0.40 0.60 100.00 6.40 5.40 1. 54 O . tI~ l O .~ lJ.09 
TABLE III 
CHEIUCAL ANALYSES 01' TIIE CLAYS I'ROI~ TIIE DIFI'ERENT SOILS 
!loll II III IV 
Ilor'i zon Al Ih. OCI OC2 Al,l Al;! AB Ot O Al AO Ot Al' IIw 
SlO2 .; J5.88 39.40 51.66 34.19 22.75 16.10 14.29 14.03 13.42 26.45 26.30 26.71 33.42 34.16 
AI 203 11. 60 12.79 9.17 10.00 12.26 10.75 7.07 5.52 6.05 15.61 16.66 17.06 22.46 23.65 
fe 203 26.31 22.72 26.10 26.34 44.62 55.60 60.22 60.17 56.02 29.19 31.86 31.76 19.22 20.26 
Ti02 0.45 0.49 0.41 0.71 0.41 0.39 0.37 0.24 0.22 0.37 0.41 0.33 2.32 2.02 
l~nO 2.11 1.47 1.46 3.44 4.50 4.01 4.72 4.49 6.26 3.16 3.09 2.92 ;- .6'/ 2.29 
CuO 2.31 2.65 4.01 3.43 1.32 0.52 0.34 0.34 0.40 5.14 2.89 3.45 1 • 'J fj I . j '/ 
l~gO 5.1\9 4.26 4.21 4.89 2.00 1.37 1.07 1.09 1.34 4.60 3.97 4.22 n.l! n.d 
IIa20 3.34 4.12 1. 93 4.86 0.26 0.23 0.12 0.11 0.11 0.12 0.20 0.29 0.40 0.27 
K20 0.36 0.50 0.52 0.34 0.96 0.74 0.39 0.22 
0.15 ~. 0.96 1.02 1.19 1.03 0.82 
L.O.I 12.05 11.34 10.39 11.62 10.82 9.45 11.93 13.63 14.01 14.28 11.27 11.75 16.20 14.34 
• 
TABLE IV 
PERCENTAGES OF IRON (11), OIFFERENTLY EXTRACTEO IRONS ANO Fe2Q3 CONTENT OF SOIL Ir 
, 
Pl'o f l le Horizon Fe Fed Fe -Fe Fe(Il) Fe O e ex d 2 3 
Al 0.85 11.5 1.37 1.6 
[ Bt 1.05 12.50 1. 75 1.70 
BC1 1.36 12.50 2.00 1.58 
BC2 1.85 13.50 2.00 1.30 
All 1.45 24.50 7.00 3 . 21 46.91 
" 
A12 1. 75 28.00 6.25 3.33 55.93 
I [ AB 1.40 29.00 9.25 3.63 ~,l t. O!J 
Bt 1.12 29.00 9.25 3.93 57.48 
B 1.40 30.00 8 . 75 3 . 84 58.09 
Al 1.1 16.75 2.25 3.07 
III AB 1.15 18.50 1.50 2.98 
Bt 1.02 20.00 1. 75 2 . 87 
IV Ap 0.80 14 . 00 2.25 1.80 
Bw 1.20 18.75 0.50 2.16 
Profilo 
1 
II 
ll J 
IV 
TABLE V 
SEIHQUANTITA'l'IVE ESTIMATION Of TIIE !RON OXIDES PRESEN'l' IN THE CLAY fRACTIONS 
Horizon 
Al 
Dt 
BCl 
BC2 
AU 
A12 
AIJ 
Dt 
B 
Ai 
AD 
Bt 
Ap 
Hematite 
.(5 
17 
20 
10 
16 
48 
70 
27 
17 
46 
40 
30 
23 
64 
Goethite 
90 
83 
80 
90 
31 
24 
20 
66 
77 
54 
60 
70 
77 
36 
Lepidocrocite 
," 
6 
7 
6 
6 
6 
Maghemite 
8 
~7 
20 
T 
TABLE VI 
'" 
ESTIMATION IN PERCENTAGES OF !RON AND SILICATES MINERALS. MOLE % Al IN GOETHITE 
Profile Horizon % Iron minerals % Silicates Mole % Al in goethi te 
Al 28.6 68.9 16.0 
Bt 31.2 66.9 16.0 
1 BC1 31.7 66.5 6.1 
BC2 33.2 62.6 6.1 
" Al! 60 .4 34.7 17.4 
A1 2 63.4 32.3 17.4 
II AB 71.3 23.6 7.6 
Bt 72.5 22.9 B.1 
B 72.8 20.7 7.5 
Al 36.6 59.9 15.8 
II! 
" 
AB 37.7 58.8 13.2 
• 8t 39.7 57.0 13.2 
IV Ap 33.24 61.8 16.0 
Bw 36.88 58.8 16.0 
TABLE VII ' 
rUNERALOGICAL COIolPOSITION OF PHYLLOSILICATES FROM 'fHE CLAY FRACTIONS l.!l. 
P"ofile Horizon Tale Chlorite l<aolinite Vermiculite Illite Int. Chlorite-Tale Int.Clllor -Vermicuii te 
Al 43 37 20 ind 
BL 41 33 26 lnd 
BCI 43 36 21 ind 
BC2 41 40 19 ind 
All <5 12 17 23 45 
A12 <5 10 10 15 55 
Ir AH 10 10 80 
" 
IJ L 10 29 50 <5 
U 15 47 21 17 
Al 60 15 25 
III AB 56 15 29 
1 , 
Bt 57 15 28 
Al> 55 20 25 
IV •. !Iv: 55 10 35 
TABLE VIII 
SOIL CLASSIF1CATION 
Sou Order Suborder Main group Subgroup Family 
Loamy fine 
Alfisol Xeralf Haploxeralf Xeroehreptie Haploxeralf Serpentinltlc 
Isothermic 
,. Loam 
Il l neeptisol Oehrept Eutroehrept Alfie Dystrie Eutroehrept Ferriti c 
Thermic 
Loamy fine 
III 1neeptisol Oehrept Eutroehrept Typie Eutroehrept Chlor1tie 
Isothermic 
Fine 
IV Inceptisol Oehrept Eutroehrept Alfie Dystrie Eutroehrept 1111 tic 
Isothcrmic 
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